Introduction
Allogeneic hematopoietic SCT (HSCT) has been established as an effective treatment for patients with hematological malignancies. GVHD caused by donor-derived T cells is one of the most common causes of morbidity and mortality after allogeneic HSCT. 1 However, donor-derived T cells also mediate a GVL effect, which assists in the eradication of tumor cells. 2 Control of alloimmune reactions and separation of the potent GVL effect from severe GVHD are therefore important for a successful outcome after allogeneic HSCT. Although optimal HLA matching between patients and donors is critical for the prevention of severe GVHD, this can still develop after HSCT from an HLA-identical sibling donor due to non-HLA gene polymorphisms. 3, 4 Thus, the association of polymorphisms in genes encoding mHA, 5, 6 cytokines, 7, 8 chemokines 9 and drug-metabolizing enzymes 10 with transplant outcomes has been reported. CTLA-4 is a receptor expressed on the surface of activated T cells, and is a homolog of CD28 that is responsible for T-cell activation. Although both CTLA-4 and CD28 bind the two ligands B7.1 (CD80) and B7.2 (CD86) expressed on APCs, CTLA-4 binds B7 molecules with higher affinity and avidity than CD28. CTLA-4 gene polymorphisms correlate with autoimmune diseases such as systemic lupus erythematosus, [11] [12] [13] type 1 diabetes mellitus 14, 15 and Graves' disease. 16 In addition, recent studies have shown an association of the CTLA-4 polymorphisms (À318 (rs5742909), þ 49 (rs231775) and CT60 (rs3087243)) with outcome after allogeneic HSCT. [17] [18] [19] We therefore focused our study on these three polymorphisms, and analyzed the impact of donor genotypes and haplotypes in the Japanese population on outcome after HLA-identical sibling HSCT.
Patients and methods

Patients
The study population included adult Japanese patients who received hematopoietic stem cells from an HLA-identical sibling donor for the treatment of hematological malignancies at the Nagoya University Hospital and the Japanese Red Cross Nagoya First Hospital between 1987 and 2006. A total of 147 recipient-donor pairs were selected according to the following criteria: (1) DNA samples and clinical data were available; (2) an unmanipulated graft was transplanted; and (3) short-term MTX and CsA were used as GVHD prophylaxis. MTX was administered i.v. on day þ 1 (10 mg/m 2 ) and on days þ 3 and þ 6 (7 mg/m 2 each day). CsA was administered by i.v. infusion at a dose of 3.0 mg per kg at beginning on day À1.
Patient characteristics are summarized in Table 1 . A total of 81 patients (55%) were classified as having standard-risk disease defined as acute leukemia in first CR, CML in first chronic phase and myelodysplastic syndrome with an international prognostic scoring system (IPSS) score of 1.0 or lower, whereas 66 patients (45%) had high-risk disease defined as disease of more advanced status than standard risk disease. Graft source was BM for 110 patients (75%) and peripheral blood for 37 patients (25%). Conditioning was myeloablative for 128 patients (87%) and reduced-intensity for 19 patients (13%).
Informed consent was obtained from all patients and donors. The study was approved by the ethics committees at the Nagoya University Hospital, the Japanese Red Cross Nagoya First Hospital and the Tokai University School of Medicine.
CTLA-4 genotyping
Genomic DNA was obtained from donor peripheral blood or BM using the QIAamp DNA Blood Mini Kit (QIAGEN sciences, Germantown, MD, USA). The TaqMan PCR method was used to determine the three single-nucleotide polymorphism (SNP) genotypes of CTLA-4: À318 (rs5742909), þ 49 (rs231775) and CT60 (rs3087243). The respective primers and probes used for the TaqMan PCR were: À318 C/T, forward 5 0 -AAATGAATTGGACTGG ATGGT-3 0 and reverse
0 . PCR reactions were performed in a 10-mL reaction volume containing 1 Â TaqMan Universal Master Mix (Applied Biosystems, Tokyo, Japan), 1 mmol of each primer, 1 mL of each probe and 1 mL of genomic DNA. Thermal cycle conditions were 95 1C for 10 min, 40 cycles of 92 1C for 15 s and 60 1C for 1 min. All PCR and endpoint fluorescent readings were analyzed using an ABI7900 sequence detection system (Applied Biosystems).
Statistical analysis
OS was calculated from the date of transplantation to the date of death using the Kaplan-Meier method, and P-values were calculated using a log-rank test. EFS was calculated from the date of transplantation to the date of death or relapse, whichever occurred first, and P-values were calculated using a log-rank test. Non-relapse mortality (NRM) was defined as mortality due to any cause other than relapse or disease progression. Cumulative incidences of NRM and relapse were estimated using Gray's test, with relapse and NRM, respectively, as a competing risk.
Acute GVHD was diagnosed and graded according to consensus criteria. 20 Chronic GVHD was evaluated in patients who survived beyond day þ 100, and was categorized as limited or extensive. 21 A multivariate Cox model was created for analysis of grade II-IV acute GVHD, grade III-IV acute GVHD, chronic GVHD, OS, NRM, relapse and EFS using stepwise selection at a significance level of 5%. Age, sex, disease risk, conditioning regimen and graft source were used as covariates, and those variables with a P-value of less than 0.2 in the univariate analysis were entered into the stepwise selection method. Hazard ratios of the CTLA-4 haplotype CAA were adjusted using these models. Analysis was carried out using STATA (StataCorp. 2007; Stata Statistical Software: Release 10.0. Special Edition. Stata Corporation, College Station, TX, USA). P-values of less than 0.05 were 
Results
Frequencies of CTLA-4 genotypes and haplotypes
Frequencies at which the three CTLA-4 SNPs were expressed in the 147 donors are listed in Table 2 . The SNPs À318 (rs5742909), þ 49 (rs231775) and CT60 (rs3087243) were included in one haplotype block that was constructed using the international HapMap database. The haplotype analysis revealed only three haplotypes in the Japanese population: À318*C/ þ 49*G/CT60*G (C-G-G), À318*C/ þ 49*A/CT60*A (C-A-A) and À318*T/ þ 49*A/CT60*G (T-A-G). In this cohort, the frequencies of the haplotype C-G-G, C-A-A and T-A-G were 59.5, 30.6 and 9.9%, respectively. All of the donors were distributed among the six haplotype combinations ( Table 3) .
Effect of the CTLA-4 haplotype C-A-A on transplant outcome It has been shown that the donor À318 C allele is associated with a lower risk of relapse 19 and that the donor CT60 AA genotype is associated with a lower risk of relapse and a higher OS. 17 We therefore focused our analysis on the C-A-A haplotype, and examined the association between the C-A-A haplotype and the outcome after allogeneic HSCT.
The incidence of grade II-IV acute GVHD was 19% for all patients (Table 1 ). There was no significant difference between the cumulative incidences of grade II-IV acute GVHD in patients who received stem cells from a donor with the C-A-A haplotype (21%) or from a donor without the C-A-A haplotype (17%) (P ¼ 0.66) (Figure 1a) .
Of 147 patients, 139 could be evaluated for chronic GVHD, and the incidence of chronic GVHD was 47% ( Table 1 ). The incidence of chronic GVHD was not significantly different in the presence or absence of the C-A-A haplotype (51 vs 47%, P ¼ 0.81) (Figure 1b) . Recipients of donors with the C-A-A haplotype showed a significantly lower incidence of relapse (28 vs 45%, P ¼ 0.049) and a higher OS (58 vs 36%, P ¼ 0.033) than recipients of donors without the C-A-A haplotype (Figures 2a and b) . However, there was no significant difference in NRM between recipients of donors with or without the C-A-A haplotype (17% for both) (P ¼ 0.87).
Multivariate analyses showed that age 440 years was a risk factor for chronic GVHD, NRM, OS and EFS; that high-risk disease was a risk factor for relapse, OS and EFS; and that reduced intensity conditioning was a risk factor for chronic GVHD and relapse; and that PBSCT was a risk factor for acute and chronic GVHD. The hazard ratios of the C-A-A haplotype, adjusted by these factors, are listed in Table 4 . The C-A-A haplotype was significantly associated with a lower relapse rate (HR: 0.54, 95%, CI: 0.30-0.97, P ¼ 0.040). Additionally, the group with the C-A-A haplotype exhibited trends toward higher OS (HR: 0.61, 95%, CI: 0.36-1.0, P ¼ 0.054) and EFS (HR: 0.67, 95%CI: 0.41-1.1, P ¼ 0.1), compared with the group without the C-A-A haplotype. The presence or absence of the C-A-A haplotype did not affect the incidence of acute or chronic GVHD or NRM. CTLA-4 haplotype affects transplant outcome M Murase et al
Discussion
Our results highlight the impact of the donor CTLA-4 haplotypeÀ318*C/ þ 49*A/CT60*A (C-A-A) on outcome after allogeneic HSCT from an HLA-identical sibling. It has been shown that the donor À318 C allele is associated with a lower risk of relapse 19 and that the donor CT60 AA genotype correlates with a lower risk of relapse and a higher OS. 17 Therefore, we focused on the C-A-A haplotype from three different haplotypes in the Japanese population, and examined the association between the C-A-A haplotype and the outcome after allogeneic HSCT. The presence of the CTLA-4 C-A-A haplotype exhibited a significantly lower incidence of relapse and a trend toward of a higher survival rate compared with the absence of the haplotype C-A-A, suggesting that the C-A-A haplotype might suppress the inhibitory function of CTLA-4 on tumor-reactive T cells and enhance the GVL effect.
The mechanism by which the C-A-A haplotype exerts its positive effects is still unclear. Several studies addressing the functional consequences of CTLA-4 SNP-318 and CT60 have been reported. The SNPÀ318 is located at the CTLA-4 promoter region, and the association of these alleles with promoter activity has been examined. Previous studies showed that the À318 C allele correlates with a lower promoter activity and a lower CTLA-4 expression than those observed with the À318 T allele. 22, 23 The CTLA-4 gene is composed of four exons and has two isoforms: a full-length isoform (flCTLA-4) and a soluble form (sCTLA-4) that lacks exon 3, which encodes the transmembrane domain. Serum levels of sCTLA-4 increase in patients with various autoimmune diseases 24, 25 and sCTLA-4 has the potential to bind to CD80/CD86, 26, 27 suggesting that sCTLA-4 blocks the interaction of flCTLA-4 with CD80/CD86 and thereby enhances T-cell activation. It has been reported that the CT60 A allele is associated with a higher level of the sCTLA-4 mRNA than the CT60 G allele. 17, 28 These results indicate that the À318 C allele and the CT60 A allele contribute to the reduction in CTLA-4 inhibitory function and to T-cell activation. However, association of the þ 49 A allele with a higher expression of CTLA-4 and augmentation of CTLA-4 inhibitory function has been reported. 16, 29 Therefore, further investigation is required to elucidate the effect of the C-A-A haplotype on the anti-tumor activity of donor-derived T cells.
Although the C-A-A haplotype was associated with a low incidence of relapse, in this study it did not affect the incidence of GVHD, suggesting that the C-A-A haplotype may have the potential to separate GVL from GVHD responses. However, it might be because of our small cohort, as Perez-Garcia et al. 17 demonstrated that the donor CT60 AA genotype was associated with an increased risk of grade II-IV acute GVHD in a large cohort of 536 donors. All of the patients in our study were Japanese, and many of them (75%) had received BM as a stem-cell graft. It is known that Japanese patients have a lower risk of developing acute GVHD, 30 and that BMT is associated with a decrease in the development of acute GVHD. Thus, the ethnic population or the stem-cell source might also affect the association between CTLA-4 polymorphisms and the development of acute GVHD. In summary, the presence of the CTLA-4 C-A-A haplotype reduced the risk of relapse and improved survival after allogeneic HSCT. Therefore, knowledge of the CTLA-4 haplotype may provide useful information for donor selection. The exact effect of the CTLA-4 C-A-A haplotype on transplant outcome should be determined in different cohorts with a substantially larger number of subjects.
